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Abstract Bierlmaler, Frederick A.; McKee, Arthur. 1989. Climatic summaries and documenta-
tion for the primary meteorological station, H.J. Andrews Experimental Forest,  
1972 to 1984. Gen. Tech. Rep. PNW-GTR-242. Portland, OR: U.S. Department of 
Agriculture, Forest Service, Pacific Northwest Research Station. 56 p.  

This report describes the primary meteorological station at the H.J. Andrews Experimen-
tal Forest (elev. 426 m, lat. 44°15' N., long. 122°10' W.) in the Willamette National   
Forest, the automatic digital data logger, sensors, and data-processing procedures 
used in measuring air temperature, dewpoint temperature, windspeed, precipitation, 
and solar radiation. The quasi-Mediterranean climate has mild, moist winters and warm, 
dry summers. Average daily air temperature in July is 17.8 °C; in January, 0.6 °C.        
Six percent of the mean yearly rainfall of 230.16 cm falls from June through August.   
July is the driest month, with an average rainfall of 1.76 cm. Seventy-one percent of       
the precipitation falls from November through March. December is the wettest month, 
averaging 42.31 cm. The average number of days between the last spring frost and     
the first fall frost is 134.  

Keywords: Climatology, meteorological conditions, Oregon (H.J. Andrews 
Experimental Forest).  
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Introduction A primary meteorological station and networks of thermographs and rain gauges (fig. 1) 
provide data for many ongoing research projects at or near the H.J. Andrews Experi- 
mental Forest, Blue River, Oregon. The measurements also provide a long-term record  
of the climate. The primary meteorological station and thermograph network were estab-
lished in 1971 and 1972 during the early days of the Coniferous Forest Biome Proj- 
ect (U.S. International Biological Program), and the rain-gauge network was estab- 
lished in 1978. This meteorological network is maintained by the College of Forestry,  
Oregon State University, Corvallis. 
 
Waring and others (1978) documented meteorological data measured at the station, 
and Emmingham and Lundburg (1977) summarized the data produced by the thermo- 
graph network. Since these papers were published, equipment and data-processing 
procedures have changed. A history of the data-logging equipment used at the station 
and the current operating procedures, sensor descriptions, and data-processing procedures 
are in appendix 1. The primary purpose of this report is to provide a description of  
the climate based on 13 years of data from the station, as well as some data from  
the thermograph and rain-gauge networks. A condensed climatic description is given, 
followed by details of climatic variation for each measured variable. Data summaries  
are presented in appendix 2. 
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Site Location and 
Description  

Established in 1948, the H.J. Andrews Experimental Forest (lat. 44015' N., long. 122010' W.) 
is about 80 km east of Eugene, Oregon, in the Blue River Ranger District of the  
Willamette National Forest (fig. 1). The 6400-ha forest occupies the entire Lookout  
Creek watershed. Elevations range from 420 to 1630 m, and the terrain is extremely 
rugged, with steep slopes and deeply incised streambeds. The administrative site  
and primary meteorological station are located in a clearing at 426-m elevation on a 
Pleistocene alluvial terrace near the main entrance to the Experimental Forest.  

Most soils of the Experimental Forest are classified as Inceptisols, but some Alfisols  
are present (Brown and Parsons 1973). These soils are highly porous, with 60- to  
70-percent porosity in surface soil, of which half is macropores; and 50- to 60-percent 
porosity in subsoils, of which 20 percent is macropores (Ranken 1974). This high 
porosity allows rapid absorption of water. Water enters streams entirely by subsur- 
face flow (Harr 1977). High porosity also provides storage for 30 to 40 cm of water 
(Dyrness 1969) in the soil's upper 120 cm, which serves as a water source for the  
forest during summer droughts.  

Vegetation at the Experimental Forest is typical of the central portion of the western  
slope of the Cascade Range in Oregon and is stratified in two major forest zones.        
The Tsuga heterophylla zone is generally below 1050 m and has abundant western 
hemlock (Tsuga heterophylla (Raf.) Sarg.) and Douglas-fir (pseudotsuga menziesii   
(Mirb.) Franco). The Abies amabilis zone is found generally above 1050 m and has 
abundant Pacific silver fir (Abies amabilis Dougl. ex Forbes). These zones are mainly    
the result of the altitudinal temperature gradient. Each zone has several communities  
that reflect a moisture gradient (Dyrness and others 1974).  

Climatic Description      The climate of the Experimental Forest is wet and fairly mild in the winter and warm      
and dry in the summer. The steering flow or polar jet stream shifts steadily southward 
from above 600 N. lat. in late autumn to northern California (400 N. lat.) in February,      
and funnels one low-pressure area and frontal storm after another into the area during 
the winter (Riley and Spolton 1974, p. 59-61). Rain comes mainly from cold or occluded 
fronts as warm fronts in the North Pacific are usually weak. Storms slowed by the     
Coast and Cascade Ranges are of long duration and low intensity. During summer      
and early autumn, the jet stream returns north of 60 oN. lat., and frontal storms are 
steered out of the area. A ridge of high pressure generally builds along the coast in      
the summer and results in high atmospheric stability and low rainfall.  

Graphs of mean monthly precipitation, potential evapotranspiration, and monthly mean 
daily air temperature are combined in a climate diagram (fig. 2). Emphasis is given to   
the long winter rainy period and to the dry summer period when potential evapotranspira-
tion exceeds precipitation. Months in which mean minimum temperature is below 0 0C, 
mean absolute minimum temperature is below 0 oC, and absolute minimum temperature 
is greater than 0 oC are shown along the bottom of the figure.  

In January, the average daily air temperature at the meteorological station for the study 
period is 0.6 oC; in July, 17.8 oC. Yearly average daily air temperature is 8.5 oC. In most 
years, some days have temperatures higher than 37.8 oC, and some have temperatures 
in the -12.2 to -6.7 oC range or lower. Temperature inversions are especially common in 
the early morning of clear summer days. The average number of days between the       
last spring frost (<0 °C) and the first autumn frost at the station is 134.  
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Figure 2 -- Climate diagram for the H.J. Andrews Experimental 
Forest; after Walter and Lieth (1967), with additional potential 
evaporation trace suggested by Schreiber (1977).  

Yearly average rainfall for the study period was 230.16 cm; 71 percent fell from 
November through March. December was normally the wettest month, with an aver-
age of 43.71 cm of rain, and July the driest with only 1.88 cm. Precipitation generally 
increased with elevation; a gauge at 1203 m collected 21 percent more than a gauge 
at 460 m. A persistent snowpack that may be 4 m deep generally forms above 1050 m 
and may last into June. Lower elevations usually remain free of snow except for  
short periods.  

July is normally the sunniest month and December the cloudiest.  

Details of the Climate    In the following descriptions, "daily" means 24 hours, "daytime" means from sunrise 
to sunset, and "nighttime" means from sunset to sunrise.  

Air Temperature Figure 3 shows year-to-year variation in air temperature for the 12-year period from 1973 
through 1984 (appendix 2, tables 20 through 31).   Yearly daily air temperatures 
(appendix 2, table 6) averaged 8.5 °C. The mean daytime air temperature (appendix 2, 
table 7) for the period is 10.7 °C, and the mean nighttime air temperature (appendix 2, 
table 9) is 5.6 °C. The maximum yearly mean daytime air temperature (11.8 °C)  
occurred in 1977. The warmest yearly average daily (9.3 0c) and nighttime (6.8 °C)  
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Figure 3 -- Mean and extreme yearly air temperatures at the primary 
meteorological station of the H.J. Andrews Experimental Forest, 1973 
through 1984.  

air temperatures occurred in 1983. The coolest year was 1975, with a daily mean of 
7.1 °C, a daytime mean of 9.1 °c, and a nighttime mean of 4.6 oC, Standard deviations    
for annual means of mean daily, mean daytime, and mean nighttime air temperatures    
are 0.6, 0.7, and 0.7 oC, respectively. Mean absolute maximum yearly temperature 
(appendix 2, table 8) for the period is 38.9 °C, with a standard deviation of 3.2 oC;       
mean absolute minimum yearly temperature (appendix 2, table 10) is -11.3 °C, with a 
standard deviation of 3.6 oC. The coldest temperature of the period, -20.0 oC, was 
recorded in December 1972 and the warmest, 44.4 °C, in August 1981. Yearly maxi-   
mum temperatures have occurred in all months from May through August but are most 
common in July, and yearly minimum temperatures have occurred in all months from 
November through February but are most common in January.  

Figures 4 through 15 show year-to-year variation in monthly mean and extreme air temp-
eratures (appendix 2, tables 19 through 31). July and August, the warmest months,     
have nearly identical average air temperatures over the 12-year period. The mean 
daytime temperature in July is 21.2 °C, whereas in August the mean is 20.9 °c (appen-  
dix 2, table 7). The mean nighttime air temperature in July is 12.2 °c (appendix 2,       
table 7); 3 12. °C in August (appendix 2, table 9). August was warmer than July in 5 of     
12 years. December and January, the coldest months, also have similar average 
temperatures. In December, daytime air temperature averages 1.8 DC; in January,        
1.7 DC. In December, nighttime air temperature averages 0.3 DC; in January, -0.2 oC. 
January was warmer than December of the previous year in 5 of 12 years. January  
is the only month with a nighttime average below freezing.  

December has the lowest average daily air temperature range (4.7 oC), and July          
(19.0 oC) and August (18.9 oC) the largest (appendix 2, table 11). The maximum 
temperature range occurred in August 1977 and was 34°C. Diurnal range under      
canopy is lower than that in the open because of the insulating effects of the canopy. 
During July 1982, daily temperature ranges averaged 17.7 °c at the station; those at 
reference stand 7, a nearby site under an old-growth canopy, averaged 12.2 oC.    
Daytime mean and maximum air temperatures averaged lower and nighttime mean      
and minimum air temperatures averaged slightly higher under canopy than those in     
the open.  
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Figure 4 -- Mean and extreme January air temperatures at the primary 
meteorological station of the H.J. Andrews Experimental Forest, 1973 
'through 1984.  

   
Figure 5 -- Mean and extreme February air temperatures at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest, 1973 through 1984.  
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Figure 6 -- Mean and extreme March air temperatures at the primary 
meteorological station of the H.J. Andrews Experimental Forest, 1973 
through 1984.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
Figure 7 -- Mean and extreme April air temperatures at the primary 
meteorological station of the H.J. Andrews Experimental Forest, 1973 
through 1984.  

Figure 8 -- Mean and extreme May air temperatures at the primary 
meteorological station of the H.J. Andrews Experimental Forest, 1973 
through 1964.  

Figure 9 -- Mean and extreme June air temperatures at the primary 
meteorological station of the H.J. Andrews Experimental Forest, 1972 
through 1984.  
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Figure 10 -- Mean and extreme July air temperatures at the primary 
meteorological station of the H.J. Andrews Experimental Forest, 1972 
through 1984.  

 
  

   
Figure 11 -- Mean and extreme August air temperatures at the primary
meteorological station of the H.J. Andrews Experimental Forest, 1972
through 1984.  
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Figure 12 -- Mean and extreme September air temperatures at the  
Primary meteorological station of the H.J. Andrews Experimental 
Forest, 1972 through 1984. 



Figure 15 -- Mean and extreme December air temperatures at the 
Primary meteorological station of the H.J. Andrews Experimental 
Forest, 1972 through 1984 
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Figure 13 -- Mean and extreme October air temperatures at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest, 1972 through 1984.  

  
Figure 14 -- Mean and extreme November air temperatures at the             
primary meteorological station of the H.J. Andrews Experimental  Forest, 
1972 through 1984.  
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Figure 16 -- Monthly daytime average air temperatures at three under-
canopy sites with similar aspects but different elevations and slopes, 
1982.  

 

Figures 16 through 18 show air-temperature stratification with elevation. Various under-
canopy temperature characteristics from three old-growth forest reference stands with 
similar aspects but different elevations and slopes were plotted. Reference stands 2 
and 12 are valley-bottom sites, and 4 is a midslope site. Mean daytime and maximum 
temperatures show the expected decrease with elevation, but temperature inversions 
are evident in mean nighttime and minimum values for some warmer months. Mean 
minimum air temperatures at the high-elevation site were higher than at the mideleva-
tion site in July and August and equaled those at the low-elevation site in August. 
Mean nighttime air temperatures at the upper and midelevation sites were very close  
for the summer months, with the temperature at the highest site exceeding that at the 
midelevation site in August. These summer inversions are caused by strong radiation 
cooling during clear weather, combined with cold-air drainage into valleys. In winter, 
sunny, south-facing midslope sites at midelevation are often warmer than valley-bottom 
sites in the daytime because valley sites are much more shaded. Thermograph  
station 38, an open site at 1010 m, had warmer daytime average and average maximum 
temperatures during the months of January, February, and December 1982 than those  
at the primary meteorological station at 426 m (fig. 19). The closeness of nighttime 
average and average minimum temperature traces during winter indicates that temper-
ature inversions caused by cold-air drainage also occurred. Nighttime temperature 
inversions caused by radiational cooling are more pronounced during summer at the 
open sites than under a canopy.  

Dates of the last spring and the first autumn freezes at various temperatures at the 
station and the lengths of the frost-free period between them are shown in table 1 for 
each year. Mean dates and period lengths have been computed as well. Frosts 
(temperature <0.0 °C) have occurred as early in autumn as September 1 and as late    
in spring as June 10. Periods between the latest and the earliest heavy frost 
(temperature <-1.1 °C) averaged 38 days longer than those reaching 0 °C; the earliest 
fall frost occurred on September 24 and the latest spring frost on May 6. The shortest 
frost-free period was 82 days in 1973, and the longest was 181 days in 1979.  
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Figure 17 -- Monthly nighttime average air temperatures at three 
undercanopy sites with similar aspects but different elevations and 
slopes, 1982.  

 

 
Figure 18 -- Monthly average extreme air temperatures at three under-
canopy sites with similar aspects but different elevations and slopes, 
1982.  

 
Figure 19 -- Monthly air temperatures at the primary meteorological 
station (elev., 426 m), a level-valley bottom site, compared with those 
at reference stand 38 (elev., 1010 m), a south-facing midslope site, 
1982.  11 



      

Table 1-Frost·free periods at the primary meteorological station of the H.J. Andrews Experimental Forest by 

different freezing temperature thresholds; observed dates of last freeze In spring and first freeze In autumn 
and length of frost·free period In days, by year 

Soil Temperature 

 

Precipitation

Soil temperatures measured at a depth of 20 cm vary with site, year, and elevation  
as do air temperatures and have peaks of 13 to 23 oC and minimums close to 0 oC 
at most sites. At this depth, soils generally remain unfrozen at most sites. Figure 20    
shows variation of soil temperature with elevation at the same three sites as for air 
temperature. For reference stand 4, note the flat line showing the snowpack effect                  
from January to May.  

The variation of yearly rainfall (appendix 2, tables 19 through 31) over the study period is 
depicted in figure 21. Amounts varied about the mean of 230.16 cm from a high of       
281.00 cm in 1984 to a low of 166.15 cm in 1978. The coefficient of variation is  
16.0 percent for the period. About 71 percent of the yearly total fell from November     
through March. Only 6 percent fell from June through August. Figure 22 shows the distri-
bution of precipitation throughout the year. December is clearly the rainiest month,           
with an average of 42.31 cm; July the driest, with an average of 1.76 cm.  

Figures 23 through 34 show the strong year-to-year variation in the monthly totals 
(appendix 2, tables 19 through 31) that are averaged in figure 22. The largest monthly rain-
fall for the period was 74.96 cm in December 1981. By contrast, December 1976 had 
only 7.35 cm. No rain fell in July 1972 and September 1975. February has the least vari- 
ation in rainfall,  with  a  coefficient  of variation of 30.2 percent;  July the  most, 92.6 percent. 

Storms at the Experimental Forest are generally long lasting and not very intense.        
Figure 35 shows the frequency of occurrence of various daily rainfall amounts. Eighty-    
nine percent of the rainy days produced less than 3 cm of precipitation; 60 percent,          
less than 1 cm.  
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Figure 20 -- Monthly mean daily soil temperatures at three under-
canopy sites with similar aspects but different elevations and slopes, 
1982.  

Figure 21 -- Variation of yearly rainfall about the mean at the  
H.J. Andrews Experimental Forest primary meteorological station.  

Figure 22 -- Mean monthly precipitation at the H.J. Andrews 
Experimental Forest, June 1972 through December 1984.  
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Figure 23 -- Variation of January rainfall about the mean at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  
 

Figure 24 -- Variation of February rainfall about the mean at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  

Figure 25 -- Variation of March rainfall about the mean at the primary 
meteorological station of the H.J. Andrews Experimental Forest.  
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Figure 27 -- Variation of May rainfall about the mean at the primary 
Meteorological station of the H.J. Andrews Experimental Forest.  

Figure 26 -- Variation of April rainfall about the mean at the primary 
meteorological station of the H.J. Andrews Experimental Forest.  
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Figure 28 -- Variation of June rainfall about the mean at the primary 
meteorological station of the H.J. Andrews Experimental Forest.  
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Figure 29 -- Variation of July rainfall about the mean at the primary 
meteorological station of the H.J. Andrews Experimental Forest  

Figure 30 -- Variation of August rainfall about the mean at the primary 
meteorological station of the H.J. Andrews Experimental Forest.  

Figure 31 -- Variation of September rainfall about the mean at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  



 

Figure 34 -- Variation of December rainfall about the mean at the
primary meteorological station of the H.J. Andrews Experimental 
 Forest.   

Figure 33 -- Variation of November rainfall about the mean at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  

Figure 32 -- Variation of October rainfall about the mean at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  
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Figure 35 -- Frequency distribution of 2,179 days of rain at the 
H.J. Andrews Experimental Forest from 5/10/72 through 9/26/84.  

Figure 36 -- Variation of rainfall with elevation at the H.J. Andrews 
Experimental Forest, 1978 through 1983.  

Rainfall variation with elevation is complicated. A comparison of data from sites in the 
rain-gauge network with data from the USDA Forest Service climatic station (elevation, 
460 m), shows a general but highly irregular increase in precipitation with elevation  
(fig. 36). Values were compared on a percentage basis because of different lengths  
of comparison periods owing to missing data.  

Reasons for the irregular increase with elevation are unclear because analysis of the 
data from the rain-gauge network is still preliminary. Orientation of the terrain to the 
prevailing winds, topographic position (midslope, ridgetop, valley, and so forth), slope, 
elevation of the cloud layer, and other factors probably combine to produce the differ-
ences. Measurement errors caused by snow-bridging of the upper-elevation gauges  
are probably also a significant factor.  
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Dewpoint Temperature 

A long-lasting snowpack generally develops from about the same elevation as the 
beginning of the Abies amabilis zone (1050 m). The snowpack shifts upward in  
warmer years and downward in cooler years and is found lower on north slopes and  
shaded areas than on south slopes. This snowpack can be quite deep, depending 
 on the coolness and wetness of the year. Figure 37 shows snow measurements  
made at reference stand 4 during the 1981-82 winter. Maximum measured depth in  
the adjacent clearcut was 345.4 cm on April 12, with an average depth for 10 readings 
of 295.2 cm. Moisture content of the snowpack on the clearcut averaged 137.2 cm  on  
April 12. In contrast, the snowpack under the old-growth canopy averaged only 166.6 cm, 
with a mean moisture content of 66.6 cm of water-only 49 percent of the moisture  
found in the snowpack in the adjacent clearcut. Much snow intercepted by the canopy 
disappears through evaporation and sublimation. Below the elevation of the long-lasting 
snowpack, temporary snowpacks form during cold spells. In December 1981, about 1 m   
of snow fell at lower elevations and lasted for several weeks, which made access to  
the forest difficult. Rain commonly falls on the snowpack even in midwinter as the 
 freezing level fluctuates considerably from storm to storm.  

Low rainfall typically coincides with high summer temperatures. This creates a moisture 
deficit. The forest could potentially evapotranspire more moisture than it receives during   
this period (Waring and others 1978 and fig. 2). Vegetation then relies on stored soil 
moisture and water conservation strategies. This results in a difference between        
potential and actual evapotranspiration of 11 to 59 cm of water.  

Humidity is usually high in the winter but relatively low on summer afternoons. Figure            
38 compares typical winter and summer relative humidity characteristics. Relative humidi-   
ties were computed for January 4 and July 29, 1984, from hourly averages of dewpoint     
and air temperature and plotted against time. The winter humidity stays near 100 per-       
cent, but the summer humidity drops from a high of 93 percent at 0600 to a low of 43 
percent at 1600 and then rises to 91 percent at midnight. Figure 39 compares average 
dewpoint and air temperatures for each month in 1983. In the winter, dewpoint and              
air temperatures are close together, indicating high humidities; in the summer, they     
separate much more, indicating drier air. Nighttime average dewpoint temperatures  

 
Figure 37 -- Winter snowpack measurements at reference stand 4 of 
the H.J. Andrews Experimental Forest, 1981-82.  
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Figure 39 -- Comparison of 1983 dewpoint and air temperatures at the  
H.J. Andrews Experimental Forest.  

Solar Radiation  

do not depart as much from nighttime average air temperatures as do daytime values, 
reflecting the increase in nighttime humidity. Occasionally, the normal west-to-east flow  
of air is reversed, and dry air from the high desert east of the Cascades enters the area 
and lowers the humidity to 15 to 25 percent in midafternoon. If this happens in the 
winter, extremely low air and dewpoint temperatures can occur. Tables 12 through 16  
of appendix 2 are overall summaries of the various dewpoint temperature statistics.  

Figure 40 shows year-to-year variation in solar-radiation values (appendix 2, tables 19   
through 31). Because earlier sensors were much less accurate than the ones currently      
used, data were normalized in the following manner. Average values for each year              
from 1973 through 1977 were divided by the average value for the period 1973 through         
1977, and average values for each year from 1978 through 1983 were divided by the     
average value for the period 1978 to 1983. These normalized values are plotted in             
figure 41, which shows 1979 to be the sunniest year for the 1978-83 period and 1983               
to be the cloudiest year, although table 5 of appendix 2 shows 1975 to be the sunniest       
year. The instrument values in table 5 have not been adjusted to account for the           
differences in sensor accuracy.  
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Figure 38 -- Comparison of typical winter and summer diurnal 
humidity characteristics at the primary meteorological station of the 
H.J. Andrews Experimental Forest.  
 



   

Figure 40 -- Yearty variation of solar radiation at the primary  
meteorological station of the H.J. Andrews Experimental Forest.  

Figure 41 -- Comparison of 1972 through 1984 monthly solar radiation 
data at the primary meteorological station of the H.J. Andrews 
Experimental Forest.  

July is normally the sunniest month of the year (appendix 2, table 5, and fig. 41),  
although June sometimes gets more solar radiation; December normally receives the  
least sunshine, although this sometimes happens in January (figs. 42 through 53). Figure      
54 shows estimates of the percentage of possible solar radiation that each month gets          
on the average. Values for the graph were obtained by averaging daily averages for           
each month that were expressed as percentages of the maximum daily value over the      
period. Sensor differences were taken into account by using maxima that coincided with      
the time when a particular sensor was used. This graph shows November to be slightly 
cloudier than December, although December usually receives less solar radiation. The     
graph also shows January to be slightly sunnier than either December or February.              
July has the highest percentage of possible radiation. Maximum daily solar-radiation         
values usually occur in June but sometimes in July; in 1982, May had the maximum          
value. Minimum daily solar-radiation values normally occur in December or January               
but occasionally in November, February, and even March.  
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Figure 42 -- Comparison of 1973 monthly solar radiation data at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  

Figure 43 -- Comparison of 1974 monthly solar radiation data at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  

 
Figure 44 -- Comparison of 1975 monthly solar radiation data at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  
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Figure 45 -- Comparison of 1976 monthly solar radiation data at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  

Figure 46 -- Comparison of 1977 monthly solar radiation data at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  

 
Figure 47 -- Comparison of 1978 monthly solar radiation data at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  
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Figure 48 -- Comparison of 1979 monthly solar radiation data at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  

Figure 49 -- Comparison of 1980 monthly solar radiation data at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  
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Figure 50 -- Comparison of 1981 monthly solar radiation data at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  



 

Figure 51 -- Comparison of 1982 monthly solar radiation data at the
primary meteorological station of the H.J. Andrews Experimental 
Forest.  

 
Figure 52 -- Comparison of 1983 monthly solar radiation data at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  

 
Figure 53 -- Comparison of 1984 monthly solar radiation data at the 
primary meteorological station of the H.J. Andrews Experimental 
Forest.  
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Figure 54 -- Percentage of possible solar radiation at the primary 
meteorological station of the H.J. Andrews Experimental Forest.  

Figure 55 -- Daytime windrun at the primary meteorological station of 
the H. J. Andrews Experimental Forest, 1983.  

Windrun Windrun is the distance air moves past a point in a given amount of time and is calcu-       
lated by multiplying the average windspeed for a time period by the length of the period. 
Figures 55 and 56 show daytime and nighttime windrun in 1983. Daytime windrun   
increased and decreased with the amount of solar radiation received. Nighttime windrun, 
although much lower in the summer, often equaled or exceeded daytime windrun in  
the winter. Note the sharp spike during a December storm that caused a considerable 
amount of windthrow damage in the Willamette National Forest.  

Table 17 in appendix 2 is a summary of the wind run data collected for the period. This 
data set has the least amount of data available. Only about one complete year of            
data is available before 1980. In 1980, sensors were relocated at a higher point on           
the tower (at 12 m instead of 5 m).  
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Summary  

Representativeness 
of Primary 
Meteorological 
Station Data  

   
Figure 58 -- Nighttime windrun at the primary meteorological station of 
the H. J. Andrews Experimental Forest, 1983.  

Mean monthly precipitation increased each month from July (1.76 cm) through Decem- 
ber (42.31 cm) and, except for February, decreased each month from December through 
July. Slightly less precipitation in January than in either December or February coincided  
with a somewhat higher percentage of possible radiation. The coincidence in summer 
of minimum rainfall and maximum temperature usually causes a moisture deficit.  
Seventy-one percent of the 230.16-cm mean yearly precipitation fell from November  
through March. The large amount of precipitation during cold months generally results in 
a 2- to 4-m  snowpack above the average snowfall level (1050 m). Yearly, January, 
and July mean daily air temperatures are 8.5, 0.6, and 17.8 °C, respectively. Mean  
yearly absolute maximum air temperature is 38.9 °C; mean yearly absolute minimum 
temperature, -11.3 °C. The average dates of the last spring and first fall frosts (<0.0 °C)  
are May 21 and October 4, with 134 days between.  

The location of the station causes some compromises in interpreting the data. The 
proper exposure is difficult to provide for the sensors because the station is located  
in a mountain valley and surrounded by an old-growth Douglas-fir forest. Latimer (1978) 
states that in forested terrain, instruments that measure solar radiation should be either 
in a clearing with a diameter 25 times the height of the surrounding vegetation or  
above the canopy. Because 76-m old-growth trees are the dominant vegetation, this 
becomes an impossible restriction. Moving the sensors to a high ridgetop would help,  
but problems of access and difficulty of maintenance to prevent snow accumulation  
in the sensors would preclude that option.  

Solar-radiation values are therefore somewhat low, especially in winter. Direct sunlight,      
for example, does not strike the sensors until about 1130 in December, and the sensors    
are shaded off and on throughout the afternoon by terrain and trees.  

Windrun and air temperature data are also compromised because of terrain. Surrounding 
trees and mountains somewhat shield the anemometers from wind. In winter, drainage         
of cold air onto the alluvial terrace containing the station clearing causes a frost pocket,     
and reduced windspeeds probably exaggerate high temperatures in the summer.  
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 English Equivalents  1 hectare (ha) = 2.47 acres  

1 meter (m) = 3.27 feet  

1 centimeter (cm) = 0.3937 inch  

1 kilometer (km) = 0.625 mile  

1 langley = 1 calorie cm-2 = 4.186 joules cm-2 = 3.69 Btu ft-2 

1 degree Fahrenheit = 1.8 degree Celsius (oC) + 32.0  
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The data-logging equipment used at the primary meteorological station has evolved  
from a data logger consisting of three inkless Rustrack 1 recorders and their signal-
conditioning electronics mounted in a wooden box (table 2). The original M-2 meteoro- 
logical station described in Waring and other's (1978) paper was replaced by the M-3  
station in 1975 because of the age and the unreliability of the equipment. The main differ- 

History and Description of   ences between the two stations were that the M-3 contained more reliable electronics 
Data-Logging Equipment     and a more weather-resistant housing than the M-2 and that the M-3 did not record  

windspeed. Both the M-2 and M-3 were analog data loggers. Signals from the sensors 
 were conditioned and amplified to drive inkless analog strip-chart recorders. The M-2 
recorded windspeed by an event mark on one of the charts; each event represented  
12 contact closures of the anemometer.  

Appendix 1. Station 
History, Instrument 
Operation, and Data 
Handling  

Because of an increase in National Science Foundation funded research at the Experi-
mental Forest in 1977, the M-3 was deemed no longer sufficient to meet monitoring  
needs. Backup sensors were desired for each variable, and rainfall and windspeed 
measurements were needed at the site. Automatic digital data logging on magnetic 
 tape would eliminate the inaccuracies of hand digitizing. Therefore, in March 1979  
the M-4 meteorological station was purchased.  

1 The use of trade, firm, or corporation names in this publication is for the information and 
convenience of the reader. Such use does not constitute an official endorsement or 
approval by the U.S. Department of Agriculture of any product or service to the exclusion 
of others that may be suitable.  

a Precipitation recorded continuously by a universal weighing rain gauge at a site 0.2 km away.  
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 The M-4 meteorological station is a digital data logger. The output from each analog 
sensor is first amplified and filtered. This conditioned signal is sampled once every 
20 seconds and converted to a digital value by the analog-to-digital converter. Next,  
the digital value is added to the memory location for that particular sensor, and a sample 
count is incremented. An electronic multiplexor allows the eight analog inputs to share  
 one analog-to-digital converter. At 1, 5,15, or 60 min (time selected by the user), the 
recorder averages the values and records the data on magnetic tape. Electrical pulses 
 from the tipping-bucket rain gauges are counted and total counts recorded.  

Current values of any variable may be observed directly on a digital, light-emitting diode 
display. Time (day, hour, and minute) is also shown on this display. Data are recorded       
on both an incremental magnetic tape recorder (cassette type) and strip charts. The 
cassette can hold about 127 days of 10-channel hourly data.  

Before July 1980, the batteries that power the station had to be removed and recharged 
elsewhere. When a 11 O-volt line was installed in 1980 at the administrative site, an 
automatic battery charger was also installed to keep fully charged at all times the three 
automobile batteries that power the M-4 and other equipment at the site.  

In July 1979, the new meteorological station was vandalized. Sensors for solar radiation, 
relative humidity, and rainfall were damaged beyond repair and had to be replaced.           
The M-3 meteorological station was used for several months while new sensors were 
ordered, and the data logger was checked by the manufacturer to make sure it was 
operating properly. As a result, windrun data were lost for several months. A fence             
was installed around the site to protect the station from future vandalism.  

There have been several problems with the M-4 data logger. Several circuit boards that 
became faulty for unknown reasons had to be replaced. Another problem has been           
loss of data caused by moisture on the magnetic tape. Although desiccants are kept           
in the instrument to absorb moisture, the tape drive is situated so that if the cover is    
opened when the data logger is cold, a person's breath may condense on the tape.         
This problem was eliminated by insulating the shelter and installing a heater in 1984.  

Operation of the 
Meteorological 
Station  

The station is usually checked daily (at the least, weekly). Values for each channel are 
observed on the display, and replicate channels are compared. Dewpoint temperature is 
checked to make sure it does not exceed air temperature and that the two temperatures  
are reasonably close when humidity is high. About once a month, dewpoint temperature 
calibration is checked with an aspirated psychrometer. Air temperature is compared 
regularly with the temperature measured by a calibrated check thermometer. Tipping 
buckets and radiometers are kept clean and free of snow and ice when possible. 
Radiometers are checked for moisture condensation inside the domes, and desiccants 
are changed regularly. Anemometers are checked periodically to make sure that the 
cups rotate freely and the bearings are lubricated. Strip charts are observed to spot  
any erratic operation. Any abnormalities are noted in the station log book and corrected 
as soon as possible. The battery pack of automotive batteries is serviced regularly to  
ensure that data are not lost during a power failure.  

Magnetic tapes are changed about once a month. Time and date of change, as well            
as the counts from the electromagnetic counters for rainfall, are noted in the log book       
and on the tape. The electromagnetic counters are then reset, the day on the clock is      
reset to 1, and a new tape is mounted. Recording heads are cleaned periodically as         
well. Strip charts run for about 2 months.  
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Variables Measured and 
Sensors  

The M-2 andM-3 sensors were previously described by Waring and others (1978). In  
1977, the solarimeter for the M-3 was replaced by a more reliable and accurate sensor. 
Windspeed was not measured by the M-3.  

Details of calibration accuracy, measurement resolution, and measurement range are      
listed in table 3 for the M-4 station. The M-4 data logger uses duplicate sensors to      
measure all of the following variables except dewpoint temperature, which has one       
sensor. The M-3 data logger is still maintained to provide a backup sensor for dewpoint 
temperature. The relative humidity sensor provided with the M-4 is no longer used     
because of repeated failure and exorbitant replacement costs.  

Solar radiation-The radiometers have a spectral response of 0.3 to 2.5 µm. A thermo- 
pile in each sensor produces a voltage directly proportional to solar radiation intensity  
by measuring the temperature elevation of a black circular spot exposed to sunlight over  
that of the massive chrome-plated brass base, which is shielded from sunlight. Each 
radiometer is equipped with dual optical glass domes and comes with a built-in change- 
able silica gel desiccator. Output ranges from 8 to 10 millivolts per langley, depending on 
the individual sensor. The two radiometers are located side by side on a 1-m-high plat- 
form in the middle of the station clearing. Each sensor is factory calibrated at 20 °C and 
has a small temperature coefficient, 0.15 percent per degree Celsius, so that accuracy is 
normally within ±3 percent. The output signal is filtered to smooth cyclic fluctuations with 
frequencies higher than 0.004 hertz. Rates of sampling and filtering are chosen to  
avoid basing averages on peak values of natural periodic variations.  

These sensors are very reliable. The only problem has been occasional short circuits   
caused by moisture in cable connectors.  

Air temperature— Air temperature is measured electrically by precision thermistors.          
These sensors have a time constant of about 1 minute in air. The sensors are located in        
a standard meteorological shelter 2 m above the ground. The entire shelter is ventilated      
by an electric fan.  
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               These sensors are very reliable. 

Table 3-Sensor and measurement specifications for the M·4 at the primary meteorological station  



 Windspeed and windrun—Windspeed is measured by anemometers mounted 12 m up     
a tower on the ends of 1.25-m booms. These anemometers are direct current tachom- 
eter generators that produce voltage output directly proportional to windspeed. The  
output voltage is filtered, as is radiation, to reduce the effects of natural cyclic variation. 
Moisture occasionally gets into and shorts one or the other of the sensors despite  
efforts to seal them.  

Windrun in kilometers is later calculated by multiplying mean hourly windspeed in meters 
per second by 3600 seconds per hour and dividing by 1000 m/km.  

Rainfall— Rainfall is measured by tipping-bucket rain gauges. Each tip of the bucket         
is equal to 0.0254 cm of rainfall. Total tips are recorded on magnetic tape for each 
recording interval and are accumulated on electromagnetic counters. These sensors    
are mounted on the same 1-m-high platform as the solar-radiation sensors.  

Sealed magnetic switches on these sensors sometimes must be replaced because of 
moisture penetration.  

Dewpoint temperature— Dewpoint temperature is measured by an indirectly heated 
lithium chloride dewpoint hygrometer (Holbo 1980). This hygrometer consists of a fiber-
glass fabric wick and two sensing electrodes wrapped around a hollow, vitreous- 
enameled power resistor (heater) containing a precision thermistor in the hollow part  
to measure the resistor temperature. The cavity is filled with transistor heat-sink grease  
to thermally couple the thermistor with the resistor. The wick is doped with a saturated 
solution of lithium chloride.  

Data Processing 
and Editing  

Solutions of salt and water decrease the equilibrium vapor pressure of the atmo- 
sphere near them. For this pressure to be brought into equilibrium with that of the 
surrounding airmass, heat must be supplied. Equilibrium is attained when the phase 
of the saturated solution changes from liquid to solid. This hygrometer senses the  
phase change by sensing the accompanying large change in the resistance of the 
 solution. The electronic circuitry can then maintain the solution at exactly the phase 
transition point by supplying more or less heat to the solution as the atmospheric 
 humidity increases or decreases. The temperature of the heater is then directly  
elated to the dewpoint temperature of the air.  

The dewpoint sensor is located 2 m above the ground in the standard meteorological 
instrument shelter with the air-temperature sensors.  

These sensors receive constant attention because frequent problems have occurred.      
The main problem has been a loss or partial loss of contact between the electrodes          
and the wick after a period of time because of shrinkage of the epoxy that holds the 
electrodes in place. Proper doping (wetting with the lithium-chloride solution) of the        
wick is essential; both underdoping and overdoping can cause faulty operation.  

Data from the M-4 meteorological station are recorded on both magnetic tape and strip   
chart. When the M-4 was first purchased. no reader was purchased for the magnetic       
tapes. Tapes were sent to the University of Washington to be read. and punched cards     
were returned. Because of slow turnaround time, a magnetic tape reader and a micro-
computer were purchased in the spring of 1981. Now all data processing is done by 
microcomputer.  
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Figure 57 -- Data flow from the primary meteorological station of the 
H.J. Andrews Experimental Forest.  

Figure 57 is a flowchart of the data from the primary station, and table 4 lists the 
functions of the programs in the figure.  

Printed hourly data listings produced by PROGRAM MØ7H are edited to locate faulty 
data before PROGRAM MØ7D is run. Duplicate variables that were flagged by the 
program as too dissimilar are carefully examined along with the station's log book to 
find any problems. Erroneous data are so marked. Strip charts are also examined if 
necessary to locate and correct faulty or missing data. Past and potential problems 
include nonzero solar-radiation values during nighttime hours, dewpoint temperatures 
that are greater than air temperatures, dewpoint temperatures that either do not ap-
proach air temperature closely enough during periods of known high humidity or do 
not agree with hygrometer check readings, windspeeds that are not zero when they 
are known to be zero, and divergent tipping-bucket totals.  
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 Table 4-programs used for processing data from the primary meteorological 
station, H.J. Andrews Experimental Forest  

 

After the daily data set has been computed, the data are edited. Rainfall totals are 
checked for closeness to those from a rain gauge at the same site. Missing rainfall data 
are also filled in with data from this gauge or from the gauge at the USDA Forest 
Service climatic station 0.2 km away. As a check on the calibration accuracy of the 
solar-radiation sensors, a radiation value from a clear day is selected and compared 
with a value from a clear day at the same time of year as when the sensors were new. 
Missing values for other variables are then filled in by use of either standard regression 
techniques or data from the backup (M-3) meteorological station. Data from before 
and after the gap to be filled are used in the regression analysis.  

Missing air-temperature data are replaced by regressing station air-temperature data 
against data from a nearby thermograph. High R-square values on the order of 0.9 or 
greater are normally attained.  
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 Missing solar-radiation data can usually be retrieved from the backup meteorological  
station. If not, multiple linear regressions are run against daily air-temperature range, 
air temperature, precipitation (a measure of the cloudiness), and whatever other vari- 
ables help raise the R-square value to at least 0.70. Sometimes dewpoint temperatures 
improve the model.  

Missing dewpoint temperature data are usually replaced by data from the backup mete-
orological station. When missing data cannot be replaced, multiple linear regressions        
are run against daytime air temperature, nighttime air temperature, and other variables.         
A computer program creates 10 rainfall variables that are the sum of rainfall for periods           
of 1 to 10 days before each day in the model. These variables improve the model         
greatly, especially during the summer. Predictions are then made as before.  

No attempt has been made to fill missing windspeed values in the data set. When            
one or more measurements are regressed or estimated, data for that day is flagged        
with an R or E, respectively, in data set MØ7D. The missing data flagged in the tables          
are those that could not be replaced by regressed or estimated values.  

Data can be received by contacting either:  

Forest Science Data Bank 
Department of Forest Science 
Oregon State University 
Corvallis, OR 97331  

or:  

H. J. Andrews Experimental Forest 
P.O. Box 300  
Blue River, OR 97413  
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Appendix 2. Tables 
5-31: Detailed Overall,  
Monthly, and Yearly  
Data Summaries 

Table 5-Dally total solar radiation (Iangleys), primary meteorological station, H. J. Andrews Experimental  

Forest, 5/10/72 through 12/31/84  

 

Table 6—Mean dally air temperature (degrees Celsius), primary meteorological station, H. J. Andrews  

  Experimental Forest  5/10/72 through 12/31/84    
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Table 7—Mean daytime air temperature (degrees Celsius) based on mean of hourly Integrated average  
temperatures from sunrise to sunset, primary meteorological station, H.J. Andrews Experimental Forest,  
5/10n2 through 12/31/84  
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Table 8—Maxlmum air temperature (degrees Celsius), primary meteorological station, H. J.Andrews  

Experimental Forest, 5/10/72 through 12/31/84           
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Table 9—Mean nighttime air temperature (degrees Celsius) based on mean of hourly Integrated average 
temperatures from sunset to sunrise, primary meteorological station, H. J. Andrews Experimental Forest, 
 5/10/72 through 12/31/84  

Table 10—Mlnlmum air temperature (degrees Celsius), primary meteorological station, H. J. Andrews  
Experimental Forest, 5/10/72 through 12/31/84           



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Table 11—Diurnal air temperature range (degrees Celsius), primary meteorological station, H. J. Andrews 
Experimental Forest, 5/10/72 through 12/31/84  

Table 12—Mean daytime dewpoint temperature (degrees Celsius) based on mean of hourly Integrated  
Average temperatures from sunrise sunset, primary meteorological station, H. J. Andrews Experimental 
Forest 5/10/72 through 12131/84 .           
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Table 13—Maximum dewpoint temperature (degrees Celsius), primary meteorological station, H. J.  

Andrews Experimental Forest, 5/10/72 through 12/31/84         

Table 14—Mean nighttime dewpoint temperature (degrees Celsius) based on mean of hourly Integrated  
average temperatures from sunset to sunrise, primary meteorological station, H. J. Andrews Experimental  
Forest, 5/10/72 through 12/31/84         
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Table 15—Minimum dewpoint temperature (degrees Celsius), primary meteorological station, H.J. Andrews 
Experimental Forest, 5/10/72 through 12/31/84  
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Table 16-Diurnal dewpoint temperature range (degrees Celsius), primary meteorological station, H.J.  

Andrews Experimental Forest, 5/10/72 through 12/31/84  
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Table 17-Diurnal windrun (kilometers), primary meteorological station; H. J. Andrews Experimental Forest,  
5/10/72 through 12/31/84 

  

Table 18-Total precipitation (centimeters), primary meteorological station,  
H. J. Andrews Experimental Forest, 5/10/72 through 12/31/84    
 



 

Table 19—Summary of data from the primary meteorological station of the H. J. Andrews Experimental 
Forest for 1972, monthly and yearly mean and extreme dally values and total monthly precipitation  
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Table 20—Summary of data from the primary meteorological station of the H. J. Andrews Experimental, 
Forest for 1973, monthly and yearly mean and extreme daily values and total monthly precipitation 
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Table 21—Summary of data from the primary meteorological station of the H. J. Andrews Experimental 
Forest for 1974, monthly and yearly mean and extreme dally values and total monthly precipitation  
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Table 22-Summary of data from the primary meteorological station of the H. J. Andrews Experimental  

Forest for 1975, monthly and yearly mean and extreme dally values and total monthly precipitation  



 

Table 23—Summary of data from the primary meteorological station of the H. J. Andrews Experimental 
Forest for 1976, monthly and yearly mean and extreme dally values and total monthly precipitation  
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Table 24-Summary of data from the primary meteorological station of the H. J. Andrews Experimental  
Forest for 1977, monthly and yearly mean and extreme dally values and total monthly precipitation  
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Table 25—Summary of data from the primary meteorological station of the H. J. Andrews Experimental 
Forest for 1978, monthly and yearly mean and extreme. daily values and total monthly precipitation  



 

Table 26—Summary of data from the primary meteorological station of the H. J. Andrews Experimental 
Forest for 1979, monthly and yearly mean and extreme dally values arid total monthly precipitation  
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Table 27—Summary of data from the primary meteorological Station of the H. J. Andrews Experimental 
Forest for 1980, monthly and yearly mean and extreme dally values and total monthly precipitation  
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Table 28—Summary of data from the primary meteorological station of the H. J. Andrews Experimenta
Forest for 1981, monthly and yearly mean and extreme dally values and total monthly precipitation  
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Table 29—Summary of data from the primary meteorological station of the H. J. Andrews Experimental  
Forest for 1982, monthly and yearly mean and extreme dally values and total monthly precipitation  
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Table 30—Summary of data from the primary meteorological station of the H. J. Andrews Experimental  
Forest for 1983, monthly and yearly mean and extreme dally values and total monthly precipitation   
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Table 31—Summary of data from the primary meteorological station of the H. J. Andrews Experimental
Forest for 1984, monthly and yearly mean and extreme dally values and total monthly precipitation  



 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

Blerlmaler, Frederick A.; McKee, Arthur. 1989. Climatic summaries and document- 
 ation for the primary meteorological station, H.J. Andrews Experimental Forest, 1972 to 

1984. Gen. Tech. Rep. PNW-GTR-242. Portland, OR: U.S. Department of Agriculture, 
Forest Service, Pacific Northwest Research Station. 56 p.  

 
This report describes the primary meteorological station at the H.J. Andrews Experimental 
Forest (elev. 426 m, lat. 44°15' N., long. 122°106 W.) in the Willamette National  
Forest, the automatic digital data logger, sensors, and data-processing procedures used  
in measuring air temperature, dewpoint temperature, windspeed, precipitation, and solar 
radiation. The quasi-Mediterranean climate has mild, moist winters and warm, dry sum-
mers. Average daily air temperature in July is 17.8 oC; in January, 0.6 oC. Six percent of  
the mean yearly rainfall of 230.16 cm falls from June through August. July is the driest 
month, with an average rainfall of 1.76 cm. Seventy-one percent of the precipitation falls 
from November through March. December is the wettest month, averaging 42.31 cm. The 
average number of days between the last spring frost and the first fall frost is 134.  
 
Keywords: Climatology, meteorological conditions, Oregon (H.J. Andrews  
Experimental Forest).  
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